Background: Chronic kidney disease is commonly seen in patients presenting with acute coronary syndrome (ACS), and it has been shown to have poor outcomes. We evaluated the prevalence of impaired creatinine clearance and its impact on short-term clinical outcomes in patients admitted with ACS without prior documented chronic renal disease. Materials and Methods: The present study was an observational, prospective cohort study conducted at a tertiary care center in North India. In patients admitted with a diagnosis of ACS, glomerular filtration rate was estimated (eGFR) by the Modification of Diet in Renal Disease Study Equation.
INTRODUCTION
Chronic kidney disease (CKD) is strongly associated with very high mortality rates and accelerated cardiovascular disease (CVD). [1] The main concern for individuals with CKD is the incidence of cardiovascular events, including coronary heart disease, CVD, and peripheral vascular disease. Today, it is well established that in patients receiving renal replacement therapy, the relative risk of dying from cardiac causes increases by a factor of 10-100, depending Evaluation of short-term outcomes of impaired creatinine clearance in patients with acute coronary syndromes: A prospective cohort study at tertiary care center Access this article online Website:
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as well as informed consent [ Figure 1 ]. ACS was defined by the WHO [3] and was classified as related or not related to ST-segment elevation on the basis of the presence or absence of at least 1 mm of ST-segment elevation in two or more contiguous leads on initial electrocardiography. Location of acute myocardial infarction (AMI) was classified as anterior, inferior, or other. Since patients often develop multiple symptoms before seeking care, we defined AMI onset as the time at which care was sought. The use of adjunctive therapy during hospitalization was recorded. Killip's classification was defined at admission. [4] Left ventricular ejection fraction (LVEF) was recorded by echocardiography (modified Simpson's). The presence of conventional CV risk factors namely diabetes, hypertension, smoking, and tobacco intake was also determined.
Renal function was assessed by the estimated glomerular filtration rate (eGFR) using the abbreviated Modification of Diet in Renal Disease Study Equation: [5] eGFR = 186 × SCr −1.154 × age −0.203 × (0.742 if female)
Patients with eGFR >90 ml/min were taken as control group (Group II) and those with eGFR <90 ml/min were enrolled for analysis in the study group (Group I). Following the National Kidney Foundation Guidelines, [6] we stratified the study population into three groups according to eGFR as follows: group IA -eGFR: 60-89 mL/min; Group IB -eGFR: 30-59 mL/min; and Group IC -eGFR <30 mL/min. Primary outcome was defined as occurrence of MACE i.e. composite of death from any cause, reinfarction, congestive heart failure, cardiogenic shock, and arrhythmia at 30 days. Deaths were categorized as In-hospital mortality (deaths during the course of hospital stay) and 30-day mortality (deaths within 30 days of discharge). Congestive heart failure was defined as the development of heart failure during hospitalization or follow up requiring intravenous diuretics and ventilatory support. Hemodynamically significant arrhythmias were considered those requiring DC cardioversion or temporary transvenous pacing. Cardiogenic shock was defined according to standard criteria (Ref). The secondary outcome measures were individual components of primary outcome. Clinical and/or telephonic follow-up were scheduled at 30 days for adverse clinical events. Parameters were compared between the study and control groups, and further comparison was made between different subgroups of the study group. In the last, sensitivity analysis for the prediction of outcome with eGFR and serum creatinine (SCr) was performed. Patients with documented CKD, sepsis, on age. [2] A recent meta-analysis provided strong evidence that individuals with renal insufficiency experience a 1.4 to 3.7-fold increased risk for CVD mortality compared with their counterparts without renal insufficiency. Despite strong evidence linking CKD to worse outcomes, however, the impact of CKD on mortality and morbidity in patients with acute coronary syndrome (ACS) is probably underappreciated, and patients with CKD receiving acute cardiac care may not be treated as aggressively or with evidence-based therapies as frequently as those with normal renal function.
It has only recently been recognized, however, that even minor renal dysfunction, as reflected by an increase in urinary albumin excretion or a decrease in glomerular filtration rate, is an independent CV risk factor in addition to the known risk factors assessed by the Framingham score. [3] [4] [5] Because of the high prevalence of minor renal dysfunction in the general population, such recent insights have enormous public health relevance.
The present study was undertaken to evaluate the prevalence of impaired creatinine clearance and its impact on short-term clinical outcomes that include death and major adverse cardiac event (MACE) in patients with ACS. In addition, we intend to explore prognostic factors of ACS in relation to severity of impaired creatinine clearance.
MATERIALS AND METHODS
A total of 200 patients of ACS admitted to the cardiology department of a tertiary care center enrolled after written active systemic infections and malignancy were excluded from the study.
Statistical analysis
The statistical analysis was done using Statistical Package for the Social Sciences Version 18.0 (SPSS Inc., Chicago, IL, USA). The data were represented in number, percentages, and mean ± standard deviation. Chi-square test was used for nonparametric variables. The test for significance used for parametric variables was the Student's t-test and ANOVA. A P < 0.05 was considered statistically significant.
RESULTS

Baseline profile
Of 200 patients of ACS, 59 (29.5%) had impaired creatinine clearance (eGFR <90 ml/min); hence, the prevalence of impaired creatinine clearance in our study was 29.5%. Table 1 shows a comparison of clinical, demographic, and angiographic characteristics in both groups according to the eGFR. There was a significant difference between both groups with respect to age, diabetes, hypertension, thrombolysis in myocardial infarction (TIMI) score, and LVEF. Rest of the parameters were similar in both the groups. The mean age of subjects in Group I (study group) was higher as compared to Group II (64.56 ± 9.94 vs. 53.84 ± 11.01 years, P < 0.001). Diabetes and hypertension were significantly higher in the study group. Among non-ST-segment elevation myocardial infarction (NSTEMI)/USA patients, mean TIMI scores were found to be significantly higher in study group as compared to control group (P = 0.030). More patients were in higher Killip's class (II-IV) at presentation to the hospital in study group compared to ACS patients with normal eGFR (42%/7%, P < 0.001). The mean LVEF was significantly lower in patients of impaired creatinine clearance than in control group (44.96 ± 8.82, 52.40 ± 9.59, P < 0.001). Among angiographic characteristics compared between two groups, left anterior descending artery was the most commonly involved artery in both the groups, but the proportion of right coronary artery involvement was significantly higher in the study group as compared to control group (P = 0.010).
Outcome analysis
The primary outcome event defined by MACE was significantly higher in the study group (28.8% vs 9.2%, P < 0.0001). All individual secondary outcomes were also significantly higher in the study group, except 30-day mortality which was not significant among groups [ Table 2 ].
Subgroup analysis
The study group was further stratified into three subgroups based upon eGFR values. Majority of patients (n = 29, 49.1%) had eGFR in the range of 30-60 ml/min (Group IB) followed by Group IA (n = 21, 35.5%), and Group IC (n = 9, 15.2%). There was no significant difference found in terms of baseline characteristics. The primary and secondary outcomes were also not different in various subgroups of low eGFR. A nonsignificant higher incidence of in-hospital deaths in Group IB (eGFR: 30- The data are in concordance with the study by Goldenberg et al. [7] where the prevalence of renal dysfunction measured by eGFR was 31.8%. Mehran et al. [8] in their substudy of ACUITY trial found the prevalence to be 19.1%. El-Menyar et al. [9] found higher prevalence of renal dysfunction as calculated by measuring eGFR. In their study, the prevalence of various grades of renal dysfunction was 5%, 20%, and 43%. Kang et al. [10] also found a higher prevalence of renal dysfunction and the prevalence of various grades of renal dysfunction was 8.7%, 27.7%, and 40.5%, respectively.
The most striking as well as alarming observation was that the study cohort had higher rates of in-hospital mortality (13.6% vs. 3.5%), MACE (28.8% vs 9.2%), and 30-day overall mortality (15.3 vs. 5.1%). All these comparisons were statistically significant. Goldenberg et al. [7] also had found similar significantly higher rates of in-hospital (5.4%) and 30-day (7.2%) case fatality compared with patients without CKD (1.1% and 1.7%, respectively; P < 0.001 for both). Age difference between the study and control group was significant (64.56 ± 9.94 vs. 53.78 ± 11.1; P < 0.001), and its contribution in higher mortality and MACE in the study group could not be underestimated. In other words, higher age is related to decrease eGFR and higher event rates. With regard to the type of ACS at presentation, STEMI was the major type of presentation in both the groups being about 60 mL/min) was seen. The MACE rates were similar in Group IC and IB but were higher in comparison to Group IA although the values did not reach statistical significance.
Predictive efficacy of estimated glomerular filtration rate
This study also tried to find out the predictive efficacy of abnormal eGFR (<90 ml/min) as well as abnormal SCr (>1.5 mg/ml) for MACE and overall mortality, as shown in Table 3 and Figure 2 . eGFR had better sensitivity albeit at the cost of lower specificity compared to SCr for the prediction of MACE and death. For prediction of death using the eGFR <90 mL/min criteria, the ability to locate true-positive cases for poor outcome enhances by 33% (SCr >1.5 mg/dl detects only 6 cases, while eGFR <90 mL/min detects 9 cases). Using eGFR <90 ml/min, the ability to predict MACE enhances by 143% (an abnormal SCr predicted 7 cases where 17 events occurred with abnormal eGFR).
DISCUSSION
Our study revealed that around 30% patients admitted with ACS had impaired creatinine clearance (defined by an eGFR <90 ml/min). Further characterizing the study group into subgroups, most of the patients had eGFR between 30 and 60 mL/min (49.1%), comprising 14.5% of the total patients. Around 4.5% patients of ACS had eGFR <30 mL/min. These were patients without any documented evidence of abnormal renal function in the past as such patients were excluded from the study. two-third in each case. Within the STEMI cohort anterior wall MI was again the predominant type. Hence, the study population was a high-risk cohort with predominant anterior STEMI. Within the NSTEMI/USA group almost in all but two patients, biomarker-positive NSTEMI was the predominant form of presentation. Again, biomarker positivity has also consistently been shown to be associated with worse outcomes in NSTEMI/USA.
The Killip's class on admission was also significantly higher in the study group, with two-third of patients in Killip's Class ≥2 whereas less than 10% of control group were in Killip's Class ≥2. Interestingly, within the STEMI cohort, more nonthrombolyzed patients presented with impaired creatinine clearance (80% vs. 70%) although the difference was not statistically significant. It is well known that STEMI patients who are nonthrombolyzed or thrombolyzed late are at increased risk of CV events as compared to those in whom patency of culprit vessel is promptly restored by early fibrinolysis. Within the NSTEMI cohort, the TIMI score at presentation was significantly higher in the study group vis-a-vis the controls. With regard to prevalence of risk factors, the study cohort had significantly higher rates of diabetes and hypertension, both of which are well-known predictors and perpetuators of renal dysfunction. Beattie et al., [11] in their study, found that the comorbidities of patients with STEMI and CKD (mean creatinine = 2.7 mg/dl) included older age (mean 70.2 years), diabetes (38.1%), and prior heart failure (23.2%). Santopinto et al., [12] who analyzed data of Global Registry of Acute Coronary Events (GRACE) study, also reported that patients with moderate or severe renal dysfunction were older, were more likely to be women, and presented to participating hospitals with more comorbidities than those with normal or minimally impaired renal function.
The mean LVEF was significantly lower in the study cohort as compared to control group (44.9% ± 8.8% vs. 52.4% ± 9.6%). Angiographic data showed higher likelihood of finding at least one totally occluded major epicardial coronary artery in the study group.
With the study group, the subgroup of eGFR <30 mL/min had higher mean age and greater proportion of females. STEMI was the predominant form of presentation with anterior wall MI tending to predominate with declining eGFR. With declining eGFR, the thrombolysis rates also went down with almost none of patients of STEMI with eGFR <30 ml/min being thrombolyzed. Prevalence of diabetes and hypertension was also higher in tertiles of lowest eGFR. With declining eGFR, there was also a trend toward lower LVEF, higher TIMI score, and Killip's class though not statistically significant. There was also a trend toward higher in-hospital mortality, MACE, 30-day overall mortality in lower two subgroups of eGFR as compared to subgroup of eGFR of higher one. In our study, eGFR <90 mL/min had sensitivity of 56.3%, specificity of 73%, positive predictive value (PPV) of 15.3%, and negative predictive value (NPV) of 95% for predicting overall death in the study population. Similarly, eGFR <60 mL/min had sensitivity of 50%, specificity of 84%, PPV of 21%, and NPV of 95%. SCr >1.5 mg/dl had sensitivity of 37.5%, specificity of 87.5%, PPV of 20.7, and NPV of 94%. Using eGFR <90 mL/min, the ability to predict poor outcomes of overall death enhances by 33% (as compared with SCr >1.5 mg/dl).
Analysis of various clinical and demographic parameters
for the association with MACE events revealed that age, female sex, and eGFR were the only significant predictors. The MACE in the subgroup of the study group was higher in eGFR -30-60 mL/min (OR 3.97) subgroup followed by eGFR -<30 mL/min (OR 3.04) and eGFR -60-90 mL/min (OR 1.38). The present study showed that eGFR <90 ml/min for the prediction MACE in study group had a sensitivity, specificity, PPV, and NPV of 56.7%, of 75.3%, 28.8%, and 91%, respectively. Similarly, eGFR <60 ml/min had sensitivity of 43.3%, specificity of 85.3%, PPV of 34%, and NPV of 89.5%. SCr >1.5 had sensitivity of 23.3%, specificity of 87%, PPV of 24, and NPV of 86.5%. Using eGFR <90 ml/min, the ability to predict MACE enhances by 143% (as compared with SCr >1.5 mg/dl). The study is limited by a small number of the subjects and confounding variables such as age, patients with impaired renal functions had less chance to get revascularisation therapy, and more commonly had other risk factors associated with it. Nevertheless, the study showed poor short-term outcome in ACS with renal function.
